Background: Familial adenomatous polyposis (FAP) is an autosomal dominant hereditary syndrome characterised by the development of hundreds to thousands of adenomatous colonic polyps during the second decade of life. FAP is caused by germ line mutations in the adenomatous polyposis coli (APC) gene located on chromosome 5q21-22. Case presentation: A 36-year-old female was presented with 100-1000 adenomatous colonic polyps, typical of classic FAP symptoms. Genetic testing using massively parallel sequencing identified a 5-bp deletion (c.3927_3931delAAAGA) which causes frameshift (p.Glu1309Aspfs) and creates a premature stop codon, resulting in the replacement of the last 1535 amino acids of APC by five incorrect amino acids. Two of the proband's four siblings also exhibited classic FAP symptoms and carried the same 5-bp heterozygous deletion in the APC gene. One of the proband's two nephews also tested positive for this mutation but has not been examined by endoscopy due to his young age. Conclusions: We reported here for the first time the use of massively parallel sequencing (MPS)-based genetic testing to identify a germline mutation within a three-generation Vietnamese family. This mutation is most likely responsible for the development of FAP.
Background
Familial adenomatous polyposis (FAP) is an autosomal dominant hereditary syndrome characterised by the development of hundreds to thousands of adenomatous colonic polyps during the second decade of life. FAP has an estimated prevalence of once in every 10,000 births [1] and if left untreated, colon cancer is essentially inevitable. The mean age of colon cancer diagnosis is 39 years and 7% of untreated individuals develop cancer by age 21 and 90% by age 45 [2] . FAP is caused by germ line mutations in the adenomatous polyposis coli (APC) gene located on chromosome 5q21-22 [1] . Apart from FAP, mutations in APC are also associated with attenuated FAP, and gastric adenocarcinoma and proximal polyposis of the stomach (GAPPS). Currently there are more than 750 mutations in the APC gene that were classified as pathogenic or likely pathogenic in ClinVar database. The majority of disease-causing mutations identified to date are gene inactivating and result in APC protein truncation [1] . It is known that patients with identical mutations can develop different clinical features [3] . However, some correlations between the location of mutations in the APC gene and phenotype have been observed. For example, the average age of onset in individuals with colonic symptoms varied by mutation locations, with onset age of 20 years for mutations at codon 1309, age of 30 years for mutations between 168 and 1580 and age of 52 years for mutations at 5′ of codon 168 and 3′ of codon 1580 [4] .
Individuals who have clinical diagnosis or clinical suspicion of FAP or who are at-risk family members or who have as few as 10-15 adenomatous polyps might benefit from genetic testings [5] . In recent years, genetic tests using massively parallel sequencing (MPS) technologies have become more affordable. However, the adoption rates of such MPS-based genetic tests in developing countries such as Vietnam remain very low. In this study, we report the use of MPS to identify a mutation in the APC gene that are linked with FAP in a family of three generations in Vietnam.
Case presentation

Clinical information
A 36-year-old female (proband, II-2, Fig. 1 ) had reported to the Department of Oncology, Thu Duc hospital (Ho Chi Minh City, Vietnam) with recurrence of frequent diarrhea and stool mixed with blood and mucus. Endoscopy revealed 100-1000 colonic polyps with the size in range of 5-15 mm (Fig. 2) . Colonic polypectomy was later performed to prevent the development of colonic cancer. Family history investigation revealed that the proband's father died of colorectal cancer at the age of 51 year. Endoscopic screenings were therefore performed on all of her siblings. Two of her four siblings (II-5 and II-6) also exhibited 100-1000 colonic polyps suggesting of FAP syndrome in this family (Fig. 2) . These patients did not exhibited other non-colonic manifestations such as congenital hypertrophy of the retinal pigment epithelium (CHRPE) or desmoid tumors. prostate, melanoma, endocrine and retinoblastoma. Blood samples were collected and genomic DNA were extracted with QiaAmp DNA blood mini kit from Qiagen (Hilden, Germany) following the manufacturer's instructions. DNA fragmentation and library preparation were done using NEBNext Ultra II DNA Library Prep Kit from New England BioLabs (Ipswich, MA, USA). Pool of sequencing libraries was captured using predesigned probes for 17 target genes from IDTDNA (Coralville, IA, USA). The targeted sequences covered all exons and a small flanking sequence of introns. Captured products were amplified with KAPA HiFi HotStart ReadyMix from KAPA Biosystems (Wilmington, MA, USA). Samples were sequenced on Illumina MiniSeq platform (Illumina, San Diego, CA, USA). Raw sequences from each sample were aligned to the reference human genome from University of California, Santa Cruz (UCSC) Genome Browser (NCBI build GRCh38) using Burrows Wheeler Aligner (BWA) [6] . The aligned output was used to compute depth and breadth of coverage in the target region, and SNP/INDEL calling with GATK standard pipeline [7] . Variants were classified using ClinVar database (National Institutes of Health).
Mutation analysis
A heterozygous deletion c.3927_3931delAAAGA (p.Glu1309Aspfs) in the APC gene was found in the proband (II-2), all other affected members (II-5 and II-6) and a young male member in the third generation (4 years of age, III-2). No other pathogenic or likely pathogenic mutations was detected elsewhere in the genes targeted by the oncoSure hereditary cancer gene panel. This deletion was absent in all unaffected members (II-3 and II-7) and a 5 year-old third generation male member (III-1) ( Table 1) . We did not identify this mutation in the 50 normal control of the same ethnic origin and age range.
This 5-bp deletion occurs at codon 1309 which causes frameshift and creates a premature stop codon at position 4 of the new reading frame, resulting in the replacement of the last 1535 amino acids of APC by three incorrect amino acids. This variant was predicted to cause loss of normal protein function through protein truncation. The truncated protein caused by this deletion is similar to that caused by another 5-bp deletion variant (NM_000038.5(APC):c.3920_3924del-TAAAA) which was reported in two individuals for whom clinical APC testing was ordered (Evidence detailed provided by GeneDx in ClinVar).
Confirmation of the novel mutation by sanger sequencing
To confirm this novel heterozygous deletion, we performed PCR and Sanger sequencing for all tested cases. We designed primers flanking the deletion location using the reference human genome from UCSC Genome Browser. The primers (5'-ATCAGACGACACAG GAAGCA-3′ and 5′-ACTCAGGCTGGATGAACAA GA-3′) were synthesized and purified by IDTDNA (Coralville, IA, USA). PCR amplification was prepared using Q5 High-Fidelity 2× Master Mix from New England BioLabs (Ipswich, MA, USA) following manufacturer's instructions. The PCR products were sequenced using Applied Biosystems 3500xl. As shown in Fig. 3 , the 5-nucleotide deletion was found in the proband but not in the unaffected member, confirming our finding using MPS technology.
Discussion and conclusions
Familial adenomatous polyposis (FAP) is characterised by the development of hundreds to thousands of adenomatous colonic polyps during the second decade of life, and is a disease predisposing individuals to colorectal cancer (CRC) [1] . In this pedigree, the proband presented with rectal bleeding in combination with change in bowel habits, which was the most common symptom combination from the local tumour of CRC [8, 9] , and endoscopic diagnosis showed symptoms of classic FAP (100-1000 polyps). A 5-bp heterozygous deletion c.3927_3931delAAAGA was detected in the APC gene, resulting in frameshift mutation (p.Glu1309Aspfs). The heterozygous mutation was suggestive of inheritance of this mutation from her father who had died of CRC. Unfortunately, we were unable to confirm the presence of this mutation in the proband's father. Consistent with the theory that the proband inherited a wild-type APC allele from her mother and the mutant APC allele from her father, two of her four siblings (II-5 and II-6) also exhibited classic FAP symptoms and carried the same 5-bp heterozygous deletion in the APC gene. The proband's nephew (III-2), son of her sister (II-5), also carried this heterozygous mutation but had not been examined by endoscopy due to his young age (4 years old). It was therefore FAP is caused by germ line mutations in the tumor suppressor gene, Adenomatous Polyposis Coli (APC), located on chromosome 5q21-q22 [1] . At the time of writing this report (Jun 2018), the ClinVar database [10] recorded 4471 variants in the APC gene, 609 of which were Pathogenic variants and 175 were Likely pathogenic. This c.3927_3931delAAAGA variant causes a frameshift (p.Glu1309Aspfs), results in a truncated version of APC gene. It falls between codons 169 to 1393, which are generally associated with classic FAP [3, 11] or more specifically, it falls in a region from codon 1250 to 1464 that is associated with severe FAP [12] . Furthermore, the truncation at codon 1309 has been shown to exert a dominant negative effect of APC gene products by inhibition of the wild-type APC activity [13] . The 100% correlation between the carriage of this mutation and FAP symptoms in all members over 20 years of age in our study further strengthens the interpretation of this variant as pathogenic. This mutation was first reported by Miyoshi et al. in a study searching for germline mutations of the APC gene in 79 unrelated FAP patients from the US and Japan [14] . This mutation was later reported as germline and somatic mutation in several other countries (Table 2 ). To the best of our knowledge, this is the first report using MPS to identify a variant in the APC gene in a Vietnamese pedigree.
The clinical application of MPS in the field of oncology has gained significant development and adoption in recent years. Mutation detection in hereditary cancer syndromes has major impact in genetic counselling, helps increase the chance of survival, defines the prognosis of carriers and identifies the most appropriate and personalised prophylactic measures [24] . In this study, we used a 17-gene panel (oncoSure) to detect germline mutations associated with 10 different hereditary cancer syndromes including Lynch syndrome, FAP and MUTY-H-associated polyposis. Using this panel, we have successfully identified a mutation in the APC gene associated with FAP in a three-generation family. This mutation was verified by Sanger sequencing on all affected family members, validating our targeted MPS tests. MPS-based oncology research and clinical genetic testings are still relatively new in Vietnam and thus there is little information about the variants specific to Vietnamese population. This study is the first effort to report cases of cancer-associated germline variants found in the Vietnamese population. However, continuous surveillance using MPS technology is needed to build a comprehensive catalogue of pathogenic variants specific to Vietnam.
In conclusion, we reported a heterozygous mutation in the APC gene that was found in multiple members of a three-generation family in Vietnam. This mutation is most likely responsible for development of the FAP symptoms in carriers. We have deposited the information of this novel mutation to ClinVar (Variation ID: 816). To our knowledge, this is the first study in Vietnam that used MPS for the identification of cancer linked mutations. 
